. Others are complex media such as Ham's F10 which are suitable for long-term serum-free cultures and Dean M.Moutos contain nutrients such as vitamins, amino acids, and other Department of Obstetrics and Gynecology, University of Arkansas metabolites (Ham, 1963; Lopata, 1982). Quinn (1995) rates when human zygotes were cultured in the absence of (MM) without hypoxanthine, phosphate and transition glucose (Quinn, 1995; Quinn et al. 1995) . Recently, we also metals on human fertilization and sperm survival in vitro reported that culturing zygotes in a modified Ham's F10 was determined. Mature human oocytes from in-vitro medium lacking glucose, transition metals, hypoxanthine and fertilization (IVF) patients or Percoll-washed human sperphosphates (MM) resulted in better human embryo growth matozoa were randomly allocated to one of the treatment and pregnancy rate in comparison with culture in normal groups: normal Ham's F10, MM, MM with 5 mM glucose
agreement with animal studies, he reported enhanced pregnancy The effect of glucose in a modified Ham's F10 medium rates when human zygotes were cultured in the absence of (MM) without hypoxanthine, phosphate and transition glucose (Quinn, 1995; Quinn et al. 1995) . Recently, we also metals on human fertilization and sperm survival in vitro reported that culturing zygotes in a modified Ham's F10 was determined. Mature human oocytes from in-vitro medium lacking glucose, transition metals, hypoxanthine and fertilization (IVF) patients or Percoll-washed human sperphosphates (MM) resulted in better human embryo growth matozoa were randomly allocated to one of the treatment and pregnancy rate in comparison with culture in normal groups: normal Ham's F10, MM, MM with 5 mM glucose Ham's F10 (Mahadevan et al., 1996) . It is clinically important (HGMM) and MM with 0.5 mM glucose (LGMM). Oocytes to determine whether MM with no or low concentrations of were inseminated in one of the four media for 12-20 h and glucose is able to support normal fertilization and subsequently checked for fertilization. Sperm were incubated likewise produce better quality embryos and higher clinical pregnancy for 4 and 24 h, and sperm motility and sperm movement rates. Another rationale for assessing medium with low glucose characteristics including average path velocity (VAP), curis provided by the observation that, at the time of ovulation, vilinear velocity (VCL), straight line velocity (VSL), ampliglucose concentration in tubal fluid decreased from 5 to tude of lateral head displacement (ALH), beat cross 0.5 mM in the human (Gardner et al., 1996) .
frequency (BCF), straightness (STR), and linearity (LIN)
The energy for sperm motility and movement characteristics were determined using computer-assisted semen analysis.
necessary for fertilization is produced by mitochondria in the Fertilization rates were significantly lower in oocytes culmid-piece of the spermatozoon (Mitchell et al., 1976) . ATP is tured in MM (23.8%) compared to LGMM (75.5%), generated by glycolysis of sugars and mitochondrial respiration.
HGMM (73.6%) or Ham's F10 (71.1%). Sperm character-
Energy substrates have various effects on fertilization in vitro istics after 4 h incubation in all four media were similar, in different mammals and the effects are species specific. except VAP, VSL, VCL and ALH were significantly lower Glucose appears to be necessary or beneficial for fertilization in MM (no glucose) in comparison with the other three in mice (Hoppe, 1976; Fraser and Quinn, 1981) , and rat media. After 24 h VAP, VSL, VCL, ALH, LIN and percent- (Tsunoda and Chang, 1975; Niwa and Iritani, 1978) , whereas age rapid spermatozoa were significantly higher in spermain bovine (Parrish et al., 1989) and guinea pig (Rogers tozoa incubated in HGMM or Ham's F10 compared with and Yanagimachi, 1975) capacitation and/or fertilization is MM or LGMM. Also after 24 h, the percentage of spermatodecreased in the presence of glucose. zoa which were highly motile was greater in HGMM than
The purpose of this preliminary investigation was to compare in Ham's F10. Absence of glucose significantly lowered human fertilization rates and sperm survival in vitro in either fertilization rates and sperm movement characteristics
Ham's F10 (6 mM glucose) or in MM medium with 0, 0.5 in vitro.
Introduction
NY, USA) as powder and prepared in our laboratory. HGMM and At present, in-vitro fertilization (IVF) programmes are using
LGMM were made by adding 1 ml and 0.1 ml of 50 mM stock several different types of media based on animal and human glucose (Sigma Chemical Co, St Louis, MO, USA) to 9 and 9.9 ml studies (Bavister, 1995 injection, washed in MM medium and pooled in one or two dishes.
(%)
Patients with male factor infertility, aged Ͼ38 years and/or fewer Fertilization rate 0-100 0-100 0-100 0-100 than eight oocytes retrieved were excluded from the study, which
consisted of a total of 18 patients. Oocytes were classified subjectively study. In all,~100 000 motile mini-Percoll (Sigma)-washed spermatoc χ 2 test comparing all groups except 0 mM Glu MM, P ϭ 0.9026.
zoa (Ord et al., 1990) in MM were added to each dish containing mature oocytes. The 'contact-time' between the spermatozoa and MM was~2-3 h prior to mixing with oocytes. Oocytes were examined 0.3-1.3, non-motile head size 4, non-motile head intensity 90, medium for fertilization~12-20 h after insemination. Oocytes and embryos VAP ജ25 µm/s, straitness (STR) threshold 80% and slow motile cells were incubated in humidified air of 5% CO 2 , 5% O 2 and 90% N 2 'yes'. The following sperm movement parameters were determined: at 37°C. average path velocity (VAP), curvilinear velocity (VCL), straight line Four zygotes were left in culture for transfer and the remainder of velocity (VSL), amplitude of lateral head displacement (ALH), beat the embryos were frozen at the two pronuclear (2PN) stage. Whenever cross frequency (BCF), straightness (STR), and linearity (LIN). When possible, at least two embryos were cultured together in an organ the VAP was ജ25 µm/s, the spermatozoa were considered highly culture dish containing 2 ml of culture medium. Therefore, the effect motile (%RAPID). Coefficients of variation for all parameters examof the fertilization media on the embryo quality or pregnancy rates ined were Ͻ10% as assessed by using a quality control video tape was not investigated in this study. Once it was obvious that media on each day of analysis. When fresh samples were used intra-assay without glucose (MM) had a significantly lower fertilization rate, that coefficients of variation were Ͻ15% except BCF (17.2%). part of the trial was discontinued (after 11 patients in each group) Statistical analysis and the trial continued with the other three media (in 18 patients). Comparisons were done within each patient.
The media in which the oocytes were inseminated and cultured were statistically compared in terms of number of patients with at least one Sperm analysis oocyte fertilized (Randomization test; Monte Carlo) and proportion of oocytes fertilized (χ 2 test). The sperm motility and movement Sperm survival and movement characteristics were studied using characteristics in different media were compared by Kruskal-Wallis semen samples from five different donors undergoing investigation analysis of variance with Duncan multiple comparison. The study for IVF, who had normal semen analysis parameters based on World was approved by the Human Research Advisory Committee at the Health Organization (WHO, 1992) criteria and normal fertilization University of Arkansas for Medical Sciences, USA. rates in vitro. Spermatozoa were washed with the mini-Percoll technique as for IVF using MM containing 5 mg/ml BSA (Sigma). Manual semen analysis was performed with a Makler chamber using Results phase contrast ϫ20 optics and the necessary volume of sperm
The outcome of insemination of oocytes in four different suspension was added to 1 ml of appropriate medium (Ham's F10, HGLM, LGMM and MM) in a 5 ml tissue culture tube which was modified Ham's F10 media are given in Table I . The fertilization equilibrated in a humidified incubator at 37°C and 5% CO 2 , 5% rate in the modified Ham's F10 medium without glucose (MM) O 2 , and 90% N 2 . Computer-assisted sperm analysis (CASA) was was significantly lower than that in the MM media with performed after 4 and 24 h (HTMA, version 10.6; Hamilton Thorn 0.5 mM glucose (LGMM) or normal Ham's F10 medium Research Inc., Danvers, MA, USA). A well-mixed sample of 7 µl (P Ͻ0.0001). Similarly, the number of patients with at least was placed in a 20 µm depth glass chamber (Cell-vu; Fertility one oocyte fertilized was also significantly lower in MM when Technologies, Natick, MA, USA) which was warmed on a 37°C slide compared with the other three media (P ϭ 0.00005). There warmer. The definitions of the sperm movement characteristics are were no significant differences between the other three groups described by Mortimer (1989) . The HTMA settings were as follows: in terms of fertilization. We observed that, at the time of internal optics (ϫ10), 37°C, 3-10 fields acquired to obtain minimum fertilization check, oocyte-corona complexes were not attached of 100 spermatozoa, acquire manual, magnification 1.96, frame rate to the dish in the MM dishes compared to other media dishes 60/s, frames acquired 30, minimum static contrast 30, minimum cell size 2 pixels, low/high size gate 0.4-1.7, low/high intensity gates and it was easier to remove the corona cells from the zona pellucida. This suggests that glucose is important for healthy Discussion growth, attachment or survival of corona and cumulus cells.
Energy substrates such as glucose, lactate and/or pyruvate are Some of the unfertilized oocytes in MM media were examined present in most culture media used for IVF. These substrates under the inverted microscope at 37°C: 5-25 spermatozoa are needed for sperm (Mitchell et al., 1976 ; Fraser and Quinn, were bound to the zona pellucida (Hoffman modulation contrast 1981) or oocyte function (Tsunoda and Chang, 1975) . Of optics ϫ400) and the sperm movement was sluggish (slow these, glucose is essential for fertilization in the mouse (Hoppe, moving). Therefore, failure of fertilization in these oocytes 1976; Fraser and Quinn, 1981) and rat (Tsunoda and Chang, was not because spermatozoa failed to bind to the zona but 1975; Niwa and Iritani, 1978) in vitro. However, in bovine perhaps because spermatozoa did not have the vigour to (Parrish et al., 1989) and in guinea pig (Rogers and penetrate the zona.
Yanagimachi), glucose retards capacitation under certain condiThe sperm motility and sperm movement characteristics in tions and/or reduces fertilization. The effect of glucose on the four media are given in Table II . Sperm motility (%) was zona-free hamster egg penetration by human spermatozoa is not significantly different between all four media at 4 and 24 h controversial (Mitchell, et al. 1976; Hoshi et al., 1982; Rogers of incubation. However, sperm movement was sluggish in and Perreault, 1990) . However, Urner and Sakkas (1996) MM and LGMM at 24 h and sperm motility was highly reported recently that glucose is essential for sperm penetration variable between donors in comparison with the other two into zona-free oocytes in mice. Pyruvate appears to promote media. This may be why there was no significant difference mammalian fertilization by maintaining the viability of the in percentage sperm motility between the groups. When only mouse and rat oocytes (Tsunoda and Cheng, 1975) . Lactate %RAPID spermatozoa were considered, both HGMM and does not play an important role in fertilization in the mouse Ham's F10 were more able to support motility than MM or (Hoppe, 1976; Fraser and Quinn, 1981) .
LGMM. Moreover, %RAPID spermatozoa was significantly
In our study glucose appears to be the most important energy higher in HGMM than in Ham's F10 at 24 h (68.8 versus substrate for human fertilization. Although the fertilization rate 60.6%).
was significantly lower in the absence of glucose, fertilization Sperm VAP, VSL, VCL and ALH were significantly lower was obtained in some patients. This may be due to the intrinsic in MM after 4 h incubation in comparison with the other three level of energy substrates in the spermatozoa or cumulus mass media (Table II) . BCF, STR and LIN were not significantly of these patients. Quinn et al. (1995) also reported that glucosedifferent in the four media tested at 4 h. At 24 h, spermatozoa and phosphate-free modified human tubal fluid (HTF) had a incubated in MM and LGMM had significantly lower VAP, significantly lower but still acceptable fertilization rate (73 VSL, VCL, ALH and LIN compared with HGMM and Ham's versus 84%) in humans compared with HTF containing glucose. F10 (Table II) . There was no significant difference in the However, Quinn (1995) was able to achieve a normal fertilizasperm movement characteristics of spermatozoa incubated in tion rate (86%) in glucose-free HTF medium by increasing Ham's F10 and HGMM at 4 or 24 h. After incubation for 4 h, the motile sperm number from 25 000 to 400 000 in 30 µl sperm movement parameters VAP, VSL, VCL, ALH were droplets. This suggests that in the absence of glucose, a reduced number of spermatozoa are undergoing capacitation significantly higher in LGMM compared with MM. or acrosome changes necessary for normal fertilization. By Glucose and/or phosphate inhibit 2-cell hamster embryos when exposed just prior to cleavage (Barnett and Bavister, 1996) . increasing the sperm concentration in the insemination medium (1.2ϫ10 6 versus 0.1ϫ10 6 in our study) normal fertilization was These authors postulated that disruption of mitochondrial organization decreases the energy production necessary for obtained, possibly by increasing sperm-oocyte interactions. Another possible reason why Quinn (1995) was able to achieve normal cleavage and development. The fact that the inhibitory effect may not be evident in hamsters until the morulae/ normal fertilization in a droplet with high sperm numbers is the leakage of glucose or other glycolysis byproduct(s) to a blastocyst stage has implications for human IVF where embryos are routinely transferred at the 4-to 8-cell stage (Barnett and concentration that supports normal fertilization. Although lactate is not essential for fertilization in the mouse (Hoppe, 1976; Bavister, 1996) . This might be true in humans because neither Quinn et al. (1995) nor Mahadevan et al. (1996) observed a Fraser and Quinn, 1981) , the modified HTF medium used by Quinn (1995) had almost a 10-fold higher lactate concentration significant effect of glucose on early zygote development, but found that the patients whose embryos were cultured in a in comparison with MM (2.23 versus 21.4 mM). Unlike HTF, Ham's F10 is a complex medium developed for long term glucose-free medium had high pregnancy rates. This supports the notion that human IVF and early embryo culture may need culture of mammalian cells and the chemical composition is different in many respects (Ham, 1963) . Rogers and Perreault different types of media for optimal development. (1990) reported that glucose is essential, whereas Hoshi et al. (1982) found no effect on hamster egg penetration by human
